This study estimates the willingness-to-pay (WTP) for a project (i.e. 
Introduction
The Working for Water Programme is a public works programme designed to clear South Africa of invasive alien vegetation and to restore low-water consuming indigenous vegetation in the areas that have been cleared (Marais, 1998) . Funds to clear alien invasive plants were initially secured on the basis that such a programme would increase water runoff in an arid country like South Africa, and provide social benefits through job creation and training. However, Hosking et al. (2002) showed that an increased water runoff does not constitute an economic case for the continuation of the Working for Water Programme and that it was necessary to consider the value of non-water benefits. 2 These include:
• reduced fire protection costs and reduced damage to infrastructure as a result of wildfires;
• conservation of biodiversity and ecosystem resilience;
• a gain in potentially productive land;
• the creation of value-added industries;
• an increase in water quality;
• improved river system services;
• social development and poverty alleviation;
• economic empowerment and training;
• flood control; and • the containment of erosion and a decrease in the siltation of dams (Marais et al., 2000) .
There is, however, a paucity of studies attempting to derive values for most of the abovementioned non-water benefits. This study attempts to value a specific non-water benefit, namely biodiversity conservation at the Underberg Working for Water Programme site. The purpose of this study is to determine households' total WTP for a project that would eradicate alien vegetation and restore indigenous vegetation in order to improve the environmental service flows provided by the indigenous vegetation.
The remainder of the paper is organised as follows. Section 2 provides a background discussion to the study with special reference to the importance of biodiversity in South Africa, the techniques available for valuing biodiversity services, and a description of the study site. Section 3 outlines the methodology used, questionnaire development, and the sample design process. Section 4 provides a review of the results of the study. The fifth section provides a general discussion of these results, and the final section concludes with the summary and policy implications.
Background
South Africa's landscapes and biodiversity attract several million tourists annually (South Africa's Biome Diversity, 2004) . About 70 per cent of foreign tourists to South Africa rated the natural environment and scenic beauty as the most enjoyable aspects of their stay (South Africa's Biome Diversity, 2004) . A study conducted by Turpie et al. (2003) supports these findings. They found that 80 per cent of the tourists surveyed in the Cape Floristic Region cited natural or semi-natural (rural) attractions as the primary reason for their visit. Despite the high recreational demand for South Africa's natural resources, such as biodiversity, their conservation is not a major concern in the country, considering that it is faced with so many demanding social issues (Turpie et al., 2008) . The pursuit of economic development to deal with these social issues sometimes undermines the quest for and achievement of conservation goals. Moreover, this type of development may have a detrimental effect on the state of ecosystems and their ability to produce goods and services, such as biodiversity services (Turpie et al., 2008) .
Because biodiversity services benefit people and are scarce, these services supply people with utility and thus have value (Loomis et al., 2000) . The services, however, exhibit public good characteristics. More specifically, actual payments are not necessary for entering or using the services provided by indigenous vegetation, so no demand curve can be created from quantity and price information. Furthermore, one user's consumption of the indigenous vegetation's services does not diminish other users' consumption levels, nor does it diminish the utility others derive from consuming its services, as long as the area harbouring the indigenous vegetation is not heavily congested with users. Thus, and in theory, traditional market pricing is inefficient (Hanley & Spash, 1993) . Non-market valuation techniques can be applied to monetise the value of services provided by indigenous vegetation.
There are two broad categories of non-market valuation techniques whereby the benefit of preference for indigenous vegetation over alien vegetation can be valued: those that use expressed preference and those that use revealed preference. The latter models are built upon the hypothesis that it is possible to infer people's preferences for environmental goods and estimate demand curves by observing their actual behaviour (Hanley & Spash, 1993) . Two revealed preference techniques that are often used are the hedonic pricing method and the travel cost method. If the removal of alien vegetation and its replacement with indigenous vegetation happens on a site adjacent to residences in an urban setting, the hedonic pricing method may be used. This pricing method attempts to isolate the specific value of an environmental amenity from the market price of the good (Loomis et al., 2000) . In a case where the main benefit of alien vegetation removal and indigenous vegetation restoration at a site is recreational, then the travel cost method may be applied. More specifically, a demand curve for recreation at the site of interest can be derived by using the variation in visitors' travel costs to the site (Loomis et al., 2000) . The consumer surplus of recreation at a site where the alien vegetation has been removed and the indigenous vegetation restored can be determined from the derived demand curve.
As opposed to revealed preference models, expressed preference models are capable of measuring a full range of values, including socalled passive use or non-use values, as they do not rely on the observation of actual behaviour that is oriented towards use values (Kahn, 1995) . Non-use values can be separated into three key types: option, bequest and existence values (Loomis & White, 1996) . Option value relates to the premium individuals are willing to pay to retain future uses or access to a natural resource (Pearce & Moran, 1994) . Bequest value is the WTP to preserve an environmental asset or general environmental quality for the potential use and benefit of future generations (Gaston & Spicer, 1998; Loomis et al., 2000) . Existence value refers to the satisfaction derived from the preservation of environmental assets so that a habitat for these assets remains, even though these people might never enjoy its consumption (Loomis et al., 2000) .
The only expressed preference methods capable of capturing non-use values are the choice modelling (conjoint) method and the contingent valuation method (CVM). The CVM entails creating a hypothetical but realistic market for an environmental good with the aid of a questionnaire in which respondents are asked their WTP for the good in question (Mitchell & Carson, 1989) . The survey instruments used for choice modelling analysis are similar to the CVM questionnaires, but for the design of the WTP scenario. The basis of the choice modelling technique is the idea that any good can be described in terms of its attributes, and the levels that these take. This technique thus provides a direct route to the valuation of the attributes of an environmental good and of marginal changes in these characteristics (Louviere & Hensher, 1982) . The CVM was used in this study to infer economic values for the services provided by indigenous vegetation in the Underberg area, KwaZulu-Natal.
The study area for this study falls in the Underberg Magisterial District situated in the southern Drakensberg's Kwa Sani Municipality (see Reserve (29°56'S; 29°45'E), which forms part of the Ukhahlamba Drakensberg National Park, was identified as the site within this magisterial district that would be studied. The Nature Reserve is located north of Himeville and encompasses the top catchment of the Mkomazi River and the Mqatsheni River. The site covers an area of 1 159 hectares. The mean annual rainfall ranges from approximately 804mm to 970mm (Wildy, 2003: 5) , with the wet period between October and March and June to July being the driest period (Cawe, 1986) .
While the high altitude flora containing most endemics in this area is well protected within the Ukhahlamba Drakensberg National Park (Metroplan, 2001) , the distinct, species-rich flora of the foothills (Hilliard & Burtt, 1987) is at risk from changes in land use. Since the arrival of European-style farmers in the area over 150 years ago, the area has been dominated by privately-owned farmland (Johnson et al., 1998) . It is mainly used for dairy farming, but a trend towards afforestation in response to the global demand for wood and pulp has been noted since the 1980s (Wildy, 2003: 2) .
The most ubiquitous and abundant alien invasive plant species present at the site is the American bramble (Rubus cuneifolius) (Turpie, 2003:131) . The level of infestation by this plant species ranges from approximately five per cent in conserved grassland areas to 43 per cent in nearby plantation forestry areas (Turpie, 2003: 137) . The other major invasive plant species present at the site include Solanum mauritianum (Bugweed), and various species of Eucalyptus and Acacia.
Method

The CVM
As mentioned above, the CVM was applied to estimate the monetary benefit for a preference for indigenous rather than alien vegetation. The value of the biodiversity services provided by indigenous vegetation is modelled through the effects of an increase in its quantity. The premise of this study is that individuals who use the environmental services provided by indigenous vegetation are willing to pay to increase the quantity in order to improve the services. Accordingly, household respondents were asked the maximum amount they would be willing to pay for a project that would eradicate alien invasive vegetation and restore indigenous vegetation. The WTP welfare measure was chosen for the purposes of this study instead of the willingness-to-accept measure, as the former is more appropriate in cases where desired quality or quantity increases would require higher levels of payment (see Mitchell & Carson, 1989) . To better understand the determinants of the WTP responses and test these against what could be expected, a WTP function was estimated. A Tobit model was fitted to the data collected to generate a predictive model of WTP (Gujarati, 1995) . The Tobit model was preferred to the ordinary least squares (OLS) model for predictive purposes, as it predicts only rational (non-negative) WTP values. The model can be formally expressed as
where RHS = right-hand side (Gujarati, 1995) . The parameters of a Tobit regression model are estimated using the method of maximum likelihood (ML). The descriptions of the explanatory variables selected for the purpose of carrying out the regression analysis are listed in Table 1 below. Their expected relationships with household WTP are also shown. The explanatory variables were of both a qualitative and a quantitative nature. Qualitative variables were represented by dummy variables, where a value of 0 indicated the presence of the subject and 1 the absence of the subject. For qualitative variables, the mid-point value was taken from each category assigned, for example, income. 
Questionnaire development
In accordance with the guidelines for the application of the CVM, recommended in the Arrow et al. (1993) report, the pre-coded questionnaire to be used as the survey instrument was pre-tested during a pilot survey 3 ; a scenario was formulated to make household respondents aware of the positive changes an increase in indigenous vegetation would have on the services it would provide; a WTP welfare measure was employed in the study; and non-responses were zero (upon data validation, unusable responses were discovered and discarded). Household respondents were reminded of the available substitute sites nurturing similar indigenous vegetation, as well as of the fact that they would have to make a monetary sacrifice if they were to make a payment (i.e. household respondents face a budget constraint). 4 The WTP question asked what the respondent was willing to pay for a project that would eradicate alien vegetation and restore the indigenous vegetation in question, based solely on his/her preference for the indigenous rather than the alien vegetation. This question corresponded to a prospective future occurrence, not one that had already taken place.
The payment question, phrased as a referendum on a ballot (i.e. a double-bounded dichotomous choice question), was used to elicit the household's WTP. With a double-bounded choice question, individuals were presented with a two-sequence WTP offer. First, household respondents were asked to vote yes or no to the initial WTP amount offered. Following this, a second WTP amount was offered. The second amount could be higher or lower than the first amount depending on the individual's reaction to the first offer. Four possible outcomes could thus emerge: both answers are yes; yes followed by no; no followed by yes; and both answers are no. The starting bid amount was varied according to the household respondents. There were 12 bid sets in total. Initial bid levels ranged from R2 to R90. If the referendum resulted in a majority of 'yes' votes, the project would be funded by means of an annual tourist or municipal levy (i.e. the payment or bid vehicle). Household respondents were told that residents and tourists alike would be charged the same levy. A follow-up question on zero responses to the WTP question was also included in the questionnaire. The respondent was asked his/her reasons for providing a zero response.
The questionnaire was also prepared to obtain information on: whether the respondent was a visitor or resident; the respondent's knowledge about alien vegetation, indigenous vegetation and the Working for Water Programme; the respondent's preference for various vegetation types; the frequency of site use; and the respondents' personal information, including age, race, level of education, level of income and gender.
Sample design
The first step in the sample design process was to determine the target population. This comprised everyone with a demand for the indigenous vegetation present at the Underberg site. Identifying these people proved a complex task and could not be performed beforehand, as visitors to the area also formed part of the target population. For this reason, statisticallypreferred respondent selection procedures could not be applied. As an alternative to these procedures, it was assumed that demand was inversely related to distance of residence from the sites, and that at some distance the demand for indigenous vegetation became superfluous. The following institutions were used to identify the target population: municipalities, tourism authorities, National Parks Boards and any other authorities who could help in determining how many users utilised the site and for what purpose. In addition, census data on the Kwa Sani Municipality was obtained. It was also decided to focus on individuals falling within the 15-64 year old age bracket.
Based on this information, the target population groups were sub-divided into tourists and local residents. The sub-category of 'tourists' was further sub-divided into: those from KwaZulu-Natal, those from elsewhere in South Africa, those from Africa, and those from other continents. The target population figure gauged to be using the abovementioned sources and designations amounted to 1 200 households (N). The sample size (n) was determined according to statistical theory on random sampling with continuous data (Cochran, 1977) . It is a two-stage theory -see Equations 2 and 3 below.
where: 
The minimum required sample size for the Underberg site in terms of Cochran's (1977) method is 248. This sample size was exceeded in this study, and 260 household respondents were interviewed. The questionnaire was administered during September 2005. Personal interviews were used to conduct the survey in line with recommendations of the NOAA panel's report (Arrow et al., 1993) . Non-response rates of from 20 to 30 per cent are common in CVM research, and a small number of non-responses are welcome because the researcher wishes to avoid including thoughtless responses in his/her analysis (Mitchell & Carson, 1989 
Results
This section presents the results of the survey undertaken. The socio-economic profiles and Working for Water Programme knowledge levels of the household respondents are reported, as are their WTP bids at the Underberg site. The results of fitting the data collected to a Tobit model are also presented. This is followed by an analysis of differences between resident and tourist responses to the WTP question. Finally, there is a short discussion on the levels of confidence attached to the results obtained. Table 2 below provides a summary of the socioeconomic profiles of the sample of households surveyed at the site in question. The mean household size was four and is consistent with information obtained from the 2001 Census (Tessendorf, 2007) . The age of the household respondents ranged from 16 to 82 and the average household respondent was 37 years old. The mean number of years of education completed by the household respondents ranged from 5 to 18 years and the average number of years was 10.5. The mean income level was found to be R53 527. The median income was substantially lower at R8 750. It provided a better reflection of the central tendency in income levels at the study site, and was more in line with the average income level in KwaZuluNatal, as determined in the 2001 Census. The worth of fixed property varied dramatically among different household respondents, the minimum worth reported being R0 and the maximum worth R3 000 000. Further indication that household respondents were generally poorly informed about the Working for Water Programme is highlighted by the fact that only 10 per cent could name more than two of the Programme's objectives. However, the majority of household respondents were rated as having an average or above average understanding of the research question after completing the survey. Zero WTP responses were submitted by 29.73 per cent of the households interviewed and t were deemed to be either protest bids or genuine zero bids. Protest bidders were identified in this survey as households who indicated that they lacked confidence in the government or municipality to collect and use the levies for the project and/or who stated that they were already paying enough to the government or municipality. Protest bids were omitted from the analysis, and the genuine zero bids were retained.
Socio-economic characteristics
How informed the households were about the Working for Water Programme
Sample WTP bids
Estimation of the WTP function
The results of fitting a Tobit model to the data for the Underberg site are documented below in Table 5 . Predictors that did not offer sufficient statistical guarantee were omitted from the valuation function. The fit of the overall bid function is within acceptable norms. It was expected that the residential variable (i.e. resident) would be significant in explaining WTP bids because it was significant in the complete Tobit model, but fitting the data to the reduced Tobit model did not prove this to be the case. The knowledge variable has a significance level of 0 per cent and the coefficient is negative. This result accords with the a priori expectation. Thus, households who are knowledgeable about the local Working for Water Programme have a WTP R37.57 higher than that of households who are unaware of the Programme's activities. The income variable has a significance level of 9.6 per cent and a negative coefficient; the model suggests that for every additional R100 a household earns per annum his/her WTP will decrease by R2.50. As a number of the wealthier households had indicated that they owned farms which had been planted with pine and gum trees, this result was not as surprising as initially thought.
An analysis of tourist and resident WTP responses
As mentioned above, it had been expected that the residential variable (i.e. resident) would be significant in explaining WTP bids. However, fitting the data to the reduced Tobit model did not prove this to be the case. A decision was thus made to test for differences between the two groups contained in the residential variable. The results of a comparison of means of variables for tourists and local residents regarding the valuation question are shown in Tables 6 and  7 below. The F test is significant at p<.05. The null hypothesis that the two groups (residents and tourists) come from populations with equal variances must therefore be rejected. The results indicated that there was a significant difference in WTP between the two groups t (132.653) = 2.609, p=0.010. Residents of the Underberg area had a significantly higher WTP (M = 22.9458, SD = 39.5786) than the tourist group (M = 12.3723, SD = 20.6080). Two-way chi-square tests were also conducted on the residential variable (i.e. resident) to investigate the significance of association between variables. This test determined whether the observed frequencies differed markedly from the frequencies that would be expected by chance (Sprent, 1993) . Observed frequencies are laid out in a contingency table (see Table  8 ), and the observed frequencies in each cell in the table are compared with the frequencies expected if there were no relationship between the two variables in the populations from which the sample had been drawn. The chi-square test (see Table 9 ) compares what actually happened to what hypothetically would have happened ceteris paribus, which is the null hypothesis (Sprent, 1993). If the actual results obtained from the chi-square test differ significantly from the predicted null hypothesis results, the null hypothesis is rejected and a statistically significant relationship can be assumed between the variables (Sprent, 1993) . However, the results presented in Table  9 indicated that we could not be confident that residents and tourists differed as far as their WTP (p=.449) was concerned.
Confidence in results
Contingent valuation studies are subject to many biases, and have to be tested for validity and reliability. Construct validity refers to how well a valuation method explains the values generated (Hanley & Spash, 1993) . The aim is to assess the overall acceptability of the models. Three criteria were used to test for construct validity: • The model is well fitted based on the statistical significance of the model; that is, the fitted model had an adjusted R 2 value greater than 15 per cent (Hanley & Spash, 1993) ; • The reduced model contains the expected significant variables;
• The signs of the coefficients in the reduced model accord with expectations (see Table  5 ).
Four ratings were constructed in terms of these criteria: Based on the above criteria it was concluded that there was moderate support for the local Working for Water scenario. The repeatability test of a CVM model is that when it is repeatedly applied in the same or very similar situations, the difference in results should be statistically insignificant between these applications (Hanley & Spash, 1993) . This test could, unfortunately, not be carried out because only one survey was conducted.
Discussion
The total WTP for an indigenous vegetation restoration project is shown in Table 10 below. This estimate is the predicted value using Tobit models and the data collected during the contingent valuation survey, and is calculated as the product of the predicted median willingness-to-pay per annum and the estimated number of households. The median WTP figure is used instead of the mean, since it is a more conservative measure. The influence of statistical outliers is removed. and the further development of a payment for ecosystem services (PES) mechanism. The level of infestation by invasive alien plant species, mostly bramble, is approximately five per cent in the conserved grassland area comprising the Vergelegen Nature Reserve (Turpie, 2003:137) . A total area of 1 159 ha has been invaded. This translates into a condensed invaded area (i.e. percentage density of invasion x area) of 58 ha (Turpie et al., 2008) . Assuming an incremental water use of 2 713m 3 /ha/a for (condensed) invaded areas in Southern KwaZulu-Natal (Turpie et al., 2008) , it is estimated that 157 354m A recent study by Blignaut et al. (2007) determined the charges for clearing invasive alien plant species to increase water supply in South Africa. Charges were calculated for each of South Africa's 19 Water Management Areas (WMAs). The Vergelegen Nature Reserve falls under the Mvoti to Umzimkulu WMA. Since no invasive alien control charges are available for Nature Reserve areas, it was decided to use the most conservative charge per water-user group available in the area of interest. In the case of the Vergelegen Nature Reserve, this group is the agricultural sector (Blignaut et al., 2007) . The Extended Public Works Programme (EPWP) portion (for agriculture) of the total charge for invasive alien plant control in the area of interest was estimated to be R3. The fact that the majority (approximately 70 per cent) of household respondents were willing to pay to secure the preservation of indigenous vegetation provides a compelling case for expanding the payment for the ecosystem services (PES) financing system in South Africa. The system entails voluntary disbursements for clearly-delineated ecosystem services that are qualified, based on service delivery (Turpie et al., 2008) . One merit of this system as a conservation instrument is that it acts as both a financing tool and an incentive (Turpie et al., 2008) . The PES system originated as a result of the creation of the Working for Water Programme in South Africa. Although the main motivation behind the Working for Water Programme is the improved provision of water, Turpie et al. (2008) maintain that it should be viewed as an 'umbrella service'. The actions taken by the Programme to increase water supplies also advance, inter alia, biodiversity conservation. This Programme is funded mainly by the government, and voluntary disbursements account for only a small proportion of the Programme's total funding. The results of this study, however, show that more and higher voluntary payments to help finance the Working for Water Programme could be obtained if water users were made more aware that the 'umbrella service' encompassed a biodiversity conservation component.
Summary
In this study, the contingent valuation method was used to estimate households' WTP for a project (i.e. the Working for Water Programme) aimed at removing alien vegetation and restoring indigenous vegetation in Underberg, KwaZuluNatal, South Africa. The WTP estimate reflects the benefit of preferring indigenous vegetation to alien vegetation. The premise of this study is that individuals who use the environmental services provided by the indigenous vegetation are willing to pay for increasing their relative abundance in order to improve the services. The survey conducted conforms largely to the guidelines suggested by Arrow et al. (1993) , and the more conservative WTP approach was adopted. In a survey, a questionnaire was administered to 260 households in the Working for Water's objectives are stated below:
• To increase the water yield from river catchments;
• To increase agricultural capacity by creating more space for crops;
• To preserve biodiversity (all the species of animals, plants, fungi and micro-organisms occurring in the area) and the area covered by indigenous vegetation;
• To generate employment for the poor; Remember that your income is limited and has several alternative uses and that this Programme is but one of many natural resource conservation projects in South Africa and the world. 
Yes / No
